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and  their  characterization  is  a  challenge. 


OBJECTIVES 
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Recommend  to  develop  a  technique  for  thin  coating  the  particles 
immediately  after  they  are  born. 


Theoretical  oxidation  of  Al  particles  of  different  sizes  with  a  constant 
starting  (pre-existing)  A1203  layer  thickness  =  2.5  inn 

Maximum  Oxygen  Uptake  as  a  function  of  Particle  Size 
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ased  on  the  2.5  nm  assumption,  UFA1  particles  have  less  active  aluminum 
and  requires  less  oxygen  than  the  state-of-the-art  aluminum  particles. 


The  nitridation  reaction  of  LI  PAI  powder  at  the  early  stages  of  heat-up 
includes  three  main  steps:  I  .Weight  gain  due  to  change  in  gas  density 
(buoyancy  effect).  2.Wcight  loss  due  to  release  of  moisture  and  volatiles 
3.  Weight  gain  due  to  oxidation  (or  nitridation)  plus  buoyancy  etlects. 
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Corrected  weight  gain  =  apparent  weight  gain  +  maximum  weight  loss  - 
buoyancy  effects 


Nitridation  reaction  of  UFA1 
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Indian  Head  UFA1  (43  n 


The  oxidation  is  co 


Nitridation  and  oxidation  reactions  of  UFAI-IH  (43  nin)  at  600  C. 

In  oxygen,  the  reaction  is  last  and  reaches  a  constant  value  in  ~  30  minutes 
In  nitrogen,  the  reaction  is  considerably  slower. 


time,  ni in 


Step  oxidation  of  UFA1-TH  (46  nm)  at  different  temperatures.  With 
this  particle  size,  the  reaction  is  almost  completed  at  600  C. 
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Valimet  1 1-2  (1035  nm)  in  oxygen  at 
reaction  is  completed  at  1050  C.  Ox 


8000  10000  12000  14000 


X-ray  diffraction  data  oil  residue  left  after  nitrid ation  of  Valimct  M-2. 
Major  component:  95%  +  hexagonal  aluminum  nitiide. 

Minor:  cubic  aluminum  nitride  and  cubic  aluminum  oxy-nitride. 
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Theoretical  considerations  and  computations 
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Oxidation  of  Aluminum  (starting  particle  size  -  1.00  nm) 


(X  0}  3Al}Upj)  X  iZl  4lJ 


Theoretical  Weight  Gain  % 


115 


STM  Photos  of  UFAI-1H  Powders 


Average  size:  160-190  nm 


SEM  and  STM  of  AIN  alter  complete  nitridation  of  UFA1-IH  powder. 


The  ultrafine  particles  agglomerates  moderately  during  the 
nitridation  reaction  at  600  C.  Individual  particles  are  still  seen. 


Adsorption  Isotherms  of  N2  at  77  K  on  UFA1  Powders 
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Assumptions  used  to  estimate  particle  diameter 
from  BET  surface  area: 
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Different  methods  for  determining  particle  size  of  UFA1  powders 


sec  next  Three  slides  existing  Al203  layer 


Dependence  of  percent  active  aluminum  on  UFAI  starting  particle  size 

(nitridation  reaction  at  600  C) 

Sample  BET  size,  nm  %  Al  %  AI0O3 _ Estimated 

thickness,  nm 
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Valimet  H-2  1035  92.19  7.81  9.92 

ALEX-RUSSIAN  183  89.16  10.84  2.48 
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